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More than 5 million perinatal deaths are occurring globally each year 2, 3 . Therefore, ending preventable stillbirths and neonatal deaths have become a priority in international agenda for public health, beyond 2015 4 , and there is an increased demand on medical and epidemiological grounds for proper determination and classification of causes of perinatal mortality, identification of cause of deaths and factors contributed to death. Majority of stillbirths (98%) occur in low-income and middle-income countries; 77% in south Asia and sub-Saharan Africa 5 .
However quality data as to the cause of death and the conditions associated with high perinatal mortality are lacking from these regions, including Sri Lanka.
Autopsy and placental examination play a pivotal role in identification of cause of death and the underlying factors contributing to death, which is important not only for population based interventions but also for counselling parents and managing their subsequent pregnancies. Therefore, better understanding of pathology is of paramount importance for preventing the same adverse outcome happening in subsequent pregnancies.
Classification of causes of perinatal death is complex due to complicated pathophysiological processes occurring in the mother, fetus and placenta. More than thirty classification systems for perinatal mortality have been introduced since1954 6 , which have been designed for different reasons with different approaches, definitions and levels of complexity, highlighting the need for a unifying globally acceptable classification system 6 . Using the coding rules of the 10 th revision of the International Classification of Diseases and related health problems (ICD-10), World Health Organization (WHO), in collaboration with partners, has developed the WHO application of ICD-10 to perinatal deaths: ICD-perinatal mortality (ICD-PM) 7 . First, the perinatal deaths are classified according to the time of occurrence, as ante-partum, intrapartum or neonatal deaths. Then , ICD-PM applies a multi-layered approach to the classification of cause of death, reflecting varying levels of available information depending on the setting. ICD-PM approach for classification of cause of death allows investigations such as post-mortem or placental histology to be captured, in settings where they are available 7 . Therefore, the ICD-PM, the current global approach in classification http://orcid.org/0000-0003-4949-6265 iD Audit www.slcog.lk/sljog of perinatal deaths has recognized the place of post-mortem and the placental pathology in the identification of cause of death even for population based statistics.
None of the perinatal death classifications systems is perfect; however ICD-PM adopts the features of many classification systems and allows applicability in all settings and international comparisons 7 .
Information derived from this classification will be useful to drive interventions and allocate resources to reduce preventable stillbirths and neonatal deaths. This paper gives data of a post-mortem based study, classifying causes of stillbirths, intra-partum deaths and neonatal deaths according to ICD-PM, and identifying the commonly occurring congenital malformations related to organ systems in stillbirths, intra-partum deaths and neonatal deaths, and their associated risk factors.
MethoDoLogy
This is a retrospective analysis done at the Department of Pathology, University of Colombo during the period from 2009-2015. The already reported post-mortems of stillbirths (including the placentas), intra-partum deaths and neonatal deaths with sufficient clinical information were included in the analysis. Intrauterine deaths at or above 28 weeks of gestation were considered as stillbirths/ante-partum deaths. Deaths during the process of labour / caesarean section were considered intra-partum deaths. Live births after the gestation of 24 weeks or with a birth weight of 500g or more and died within 1 month of life were considered as neonatal deaths. Neonates delivered before the period of gestation of 37 weeks were considered preterm.
The deaths for which only the placenta has been submitted for pathological examination were excluded from the study.
The details were extracted from the autopsy request forms, which give a summary of the antenatal follow-up records and the bed head tickets of the mother and the baby (in case of a neonate). These included, the maternal age, past medical history, parity, past obstetrics history, history of the present pregnancy, gestational age (at the time of death, in case of an intrauterine death and at the time of birth in case of a neonatal death), details of delivery and the neonatal care given ( in case of a neonatal death).
Gross examination of the fetus/ neonate and placenta and the histological examination of the tissue were done according to standard protocols specified by the first.
Systematic external and internal examination of the fetus were done according to the standard procedure for perinatal autopsy 9 . Growth parameters were compared with standards growth charts 10 .
Histology sections were taken from all abnormal lesions and at least one section from liver, heart, lungs, thymus, spleen, kidneys, adrenals and brain.
The presence of congenital malformations were looked for and recorded in detail.
Gross and microscopic examination of the placentas including the umbilical cords and membranes were done according to a standard procedure for placental examination 11 . and prematurity was present in 27.9% (24/86) of neonatal deaths.
Most of the congenital malformations were noted in the cardiovascular system followed by the respiratory system. Musculoskeletal and genitourinary system malformations were also relatively common both in stillbirths and in neonatal deaths (Table 2) .
Cardiovascular malformations were noted in 53 babies, 36 had septal defects, eight had hypoplastic left heart and four had hypoplastic right heart. Pulmonary hypoplasia was the commonest respiratory system malformation, noted in 32 babies. Cleft lip was present in 10 and cleft palate was present in 11 babies. Genitourinary tract anomalies were present in 28 babies, 10 had obstructive defects, nine had renal agenesis and nine had cystic renal disease. The commonest musculoskeletal anomaly noted was deformities of foot, affecting 16 babies followed by diaphragmatic hernia affecting seven.
In 103 (35.4%) autopsies, there was a history of maternal medical/ surgical conditions, diabetes mellitus in 15.1% (44), hypertension in 13.1% (38), heart disease in 6.2% (18), renal diseases/ SLE in 1.0% (3), thyroid disease in 1% (3) and rhesus incompatibility in 2.7% (8) .
DISCuSSIon
According to the analysis of cause of death in stillbirths and neonatal deaths in this setting, ante-partum hypoxia was the commonest cause of death in stillbirths whereas in intra-partum deaths and neonates, it was the congenital malformations. The second leading cause for neonatal deaths was low birth weight and prematurity. Deaths due to acute intrapartum events were less in this setting.
However, unlike other pathological conditions, categorizing ante-partum hypoxia as a cause of death is dificullt morphologically and should be done considering the clinical parameters. Histological features suggestive of tissue hypoxia include presence of numerous squames in alveolar spaces, increased number of nucleated red blood cells in fetal vessels, hypoxic injury of neurones and haemorrhage in internal organs, most of these are non-specific features. Further, ante-partum hypoxia is a condition which may result due to diverse pathologies both in the mother and the baby. Another drawback in this analysis is assessment of fetal growth (ICD code A5, I16, N5: Table 1 ) by one time reading of growth parameters that does not reflect the growth velocity of the baby during intra-uterine life. Lack of early dating scans also contributes to inacurrate assessment of fetal growth and maturity in this analysis.
Despite varying systems used so far for classification of perinatal deaths, some degree of comparison of this study with literature can be done as ICD-PM also has adopted the features of many other classification systems. WHO multi-center study was done in developing countries involving regularly followed up patients for calcium gluconate trial, which has shown that preterm birth (60.5%), congenital malformations (12.7%) and birth asphyxia (22.5%) as main causes of death in newborns worldwide 1 . Contribution of congenital malformations as a cause of neonatal death is much less in this study compared to our setting which is 44%.
According to a study done at neonatal intensive care unit in Alexandria, hyaline membrane disease was the leading cause of neonatal death (16.5%) followed by other causes related to prematurity (15.8%). Hyaline membrane disease was also the leading cause of death of preterm neonates (27.5%). Birth asphyxia and congenital anomalies were the commonest causes of death among full term neonates (21.7% each) 13 . While the contribution by complications related to prematurity remains almost the same, the deaths due to congenital malformations are much higher (44%) in our setting.
Comparison of data in different studies is difficult as the study populations are different. However, according to many studies done worldwide, preterm birth and complications related to prematurity, asphyxia and birth trauma, infections and congenital malformations were the leading causes of perinatal mortality 1, 13 . The burden of conceptions with birth defects was underestimated according to the studies done in many settings compared to our study. This could be related to the option of termination of pregnancy available for the conceptions with lethal defects or because the statistics are not backed up by post-mortem examination of the baby. In Sri Lankan setting the conceptions with birth defects, unless terminated as spontaneous miscarriages, continue till birth adding a substantial proportion to the perinatal morbidity and mortality.
According to a ten-year study in Netherlands, the overall incidence of congenital malformations in the perinatal death-group was 33% 14 . Through detailed post-mortem and placental examination and clinical-pathological correlations, lethal congenital malformations were found in 51% of stillbirths (mainly central nervous system), and 70% of neonates (mainly cardiovascular and pulmonary defects) 14 . The incidence of central nervous system malformations was low in the present study.
According to a study done in Bombay, malformation rates for live births, neonatal deaths, stillbirths and total births were, 1.02%, 9.24%, 9.49%, and 1.40% respectively 15 . The musculoskeletal and central nervous system malformations were the commonest in this study 15 . However, musculoskeletal anomalies as a cause of death, was much less in our setting, while cardiovascular and respiratory anomalies were the leading cause of death.
ConCLuSIonS
Post-mortem examination of stillbirths and neonatal deaths and placental examination have identified leading causes of perinatal deaths in this study setting. However, ICD-PM classification of pernatal deaths require analysis of the entire scenario including obstetrics, neonatal and pathlological parameters, hence a detailed prospective multicenter study with a high post-mortem rate would be able to provide quality information which can be generalizable and will be useful to plan for interventions and preventive actions.
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